. Comparison was also made with a closely related but less specialized insect, a leafhopper (Pagaronia sp.).
The published data
The insect wing has two joints with the body trunk, dorsally with the tergum and ventrally with the pleuron (e.g., Snodgrass, 1935; Matsuda, 1970; Brodsky, 1994) . The tergum or fused tergum + pleuron of the non-wing bearing postcephalic segments (T1 and abdominal tergites) also has a ventral joint (e.g., Snodgrass, 1935) . Therefore, the presence of the "ventral" joint cannot support the Prud'homme et al. hypothesis. Evidence for the "dorsal" joint between the helmet and T1 tergum thus is crucial to corroborate their interpretation. A ventral membranous joint between the helmet and the forecoxa ( fig. 2f arrow, suppl. figs 2f, 5cd) and a dorsal muscular connection between the helmet and tergum ( fig. 2f asterisk) are claimed. The critical point, therefore, is the interpretation of the "dorsal" connection between the helmet and tergum. However, this connection actually represents the intersegmental connection between T1 and T2 and thus cannot be homologous with the wing joint.
In the majority of Paraneoptera (a subgroup of Pterygota: Neoptera composed of Psocodea, Thysanoptera and Hemiptera, to which treehoppers belong), the anterior region of dorsal T2 (mesoscutum) is divided into three lobes by the parapsidal suture ( Fig. 1A ,C) (e.g., Kramer, 1950; Matsuda, 1970; Brodsky, 1994; Yoshizawa, 2005) . The dorsal T2 of Publilia is divided into three lobes (Buckton, 1903; Kramer, 1950; Hasenoehrl & Cook, 1965) , as shown in Fig. 1A , matching the ground plan of Paraneoptera (Fig. 1C ). In comparison with Fig. 1B , D, evidently the structure highlighted in gray is homologous and belongs to T2. This homology is supported consistently by skeletal (Buckton, 1903; Kramer, 1950; Hasenoehrl & Cook, 1965; Boulard, 1973; Stegmann, 1998) and musculature morphology (Kramer, 1950; Burrows, 2007) . Evidently Prud'homme et al. (2011) have misinterpreted this as T1 ( fig. 2e ).
This misinterpretation is evident also from the cross-sectioned specimen. In the cross-section of Publilia ( fig. 2fg and suppl. fig. 2f : Prud'homme et al., 2011) , well-developed longitudinal dorsal muscles can be seen. These muscles power the wing downstroke, and thus develop only in segments with functional wings (e.g., Brodsky, 1994) . The longitudinal dorsal muscles are inserted onto the T2 anterior lobe (Kramer, 1950; Brodsky, 1994; Burrows, 2007) (Fig. 1) . Therefore, the presence of well-developed longitudinal dorsal muscles in Prud'homme et al. fig. 2f shows clearly that the T2 anterior lobe of Publilia is strongly expanded anteriorly, providing further support for the homology identification shown in Fig The misinterpretation of the wing hinge sclerites must also be noted. The wing hinge sclerites occupy the area of the dorsal wing joint (Matsuda, 1970; Brodsky, 1994; Yoshizawa & Saigusa, 2001) . By contrast, the wing hinge sclerite in Prud'homme et al. is located between the helmet and T2 arrowhead), which demonstrates that it belongs to T2 and cannot be homologous with the wing hinge sclerites (Kramer, 1950) .
In summary, the morphological evidence supporting the hypothesis of Prud'homme et al.
(2011) cannot be substantiated, based on a review of published data alone.
Morphology of the helmet
Extensive comparative morphology is far beyond the scope of this contribution, so a single comparison was made with a leafhopper (Cicadellidae: Pagaronia sp.). Cicadellidae are considered to -4 / 9 -be close relatives of Membracidae (Cryan, 2005) , but with a less modified T1.
First, comparison was made using the longitudinal section (Fig. 3) . The dorsal helmet wall of Publilia is strongly sclerotized, projecting anteriorly over the vertex, then strongly bent posteriorly; it is continuous with the head capsule via the neck membrane. The ventral wall is membranous and continuous with T2 via the intersegmental membrane. These characteristics (Fig. 3AB ) completely agree with T1 of Pagaronia, which also has a thin posterior expansion (Fig. 3CD ).
Next, the external and internal skeletal morphology of the lateral region of T1 (i.e., the pleuron of Pagaronia and surroundings of the helmet joint region of Publilia) was examined. The T1 lateral region of Pagaronia (Fig. 4C ) consists of the basic pleural elements of Paraneoptera (e.g., Kramer, 1950; Yoshizawa, 2005) . The pleural suture is well developed, running from the anterodorsal corner of the pleuron to the base of the coxal socket. The pleural arm pit is invaginated from the middle of the pleural suture. The anapleural suture is evident anterior to the pleural arm pit. Internally (Fig. 4D) , the pleural arm is connected to the furca via a tendon. Using these sutures and the pit as landmarks, the homology of the T1 lateral sclerites in Pagaronia can be established ( Fig. 4CD : Kramer, 1950; Yoshizawa, 2005) . The dorsal region of the epimeron is continuous with the tergum seamlessly (i.e., without any suture) -in agreement with the condition also observed in the other paraneopteran lineage, the Psocodea (Fig. 1D: Yoshizawa, 2005) .
The homology of all structures mentioned above can be assessed in the lateral region of the helmet without any ambiguity (Fig. 4A, B ). The region highlighted by a circle in Fig. 4A corresponds to the helmet joint sensu Prud'homme et al. (2011: suppl. fig. 5d ). This region is the ventral end of the epimeron and thus cannot be homologous with the wing joint. Furthermore, if the helmet really is homologous with the wing, it should arise above the dorsal end of the pleural suture (e.g., Snodgrass, 1935; Matsuda, 1970; Brodsky, 1994) . However, this is clearly not the case, and the helmet is continuous seamlessly with the epimeron (Fig. 4AC) , as in the posterior extension of the tergum in
Pagaronia.
These characteristics agree completely with the structure of the helmet in another treehopper species, Stictocephala bisonia, examined in detail by Stegmann (1998) . Evidently, the treehopper's helmet is composed of the fundamental elements of the prothorax, and no evidence for the body plan novelty can be identified from the morphological point of view. Fig. 5BC ) clearly shows that the T1-T2 intersegmental line runs beneath the developing helmet (Fig. 5C ). Therefore, T1 of fig. 2c and suppl. fig. 3 in Prud'homme et al. (2011) has to be interpreted as T2, as in the case of adult morphology. Thirdly, using cross sectioned specimens they showed that the helmet develops from the bilateral primordia ( fig. 2c and suppl. figs 3-4 of Prud'homme et al., 2011) . Although I have not examined this developmental character, this evidence is unconvincing, because even a slight inclination of the section plane will image such a condition, even if the helmet originates from a single primordium with a straight posterior margin. As seen from the cross sections (suppl. fig. 4e -h of Prud'homme et al., 2011) , the posterior margin of T1 tergum appears to have bilateral posterior extensions which are analogous to the helmet primordia. However, the posterior margins of T1 tergum is only slightly sinuate and clearly lacks the lateral extensions ( Fig. 5B,C; fig. 2a and suppl. fig. 3e of Prud'homme et al., 2011) . This probably provides evidence for the inclination of the section plane.
Nymphal characters
In summary, all the nymphal characteristics mentioned by Prud'homme et al. (2011) are interpreted incorrectly.
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Conclusion
As discussed above, the morphological and developmental evidence supporting the Prud'homme et al.
hypothesis is a result of misinterpretation. Gene expression data was also provided by Prud'homme et al. (2011) to corroborate their morphological and developmental evidence, namely expression of the wing-patterning genes in the developing helmet. Gene expression analysis has become an important tool in studying the homology of organismal structures. However, pleiotropy and co-option are common phenomena, and non-homologous structures may have homologous gene expression (Nelson & Martinez, 2003; Svensson, 2004) . Therefore, it is widely acknowledged that the gene expression alone is insufficient to determine homology, and morphological correspondence and developmental evidence are of principal importance in identifying homology. Furthermore, Scr (Sex combs reduced: repressor of wing formation) is also expressed in the developing helmet so that gene expression data provide only modest support, if at all, for their hypothesis (Prud'homme et al., 2011; Moczek, 2011 ). Prud'homme et al. (2011 predicted that the formation of the helmet is due to unknown mechanisms operating downstream of Scr. However, given the lack of morphological and developmental support, co-option of the wing-forming genes to modify the T1 tergum to the helmetlike structure is more likely than their ad hoc explanation.
In conclusion, all evidence presented here shows that the treehopper's helmet should continue to be interpreted as the highly modified T1 tergum, as generally accepted (Buckton, 1903; Kramer, 1950; Hasenoehrl & Cook, 1965; Boulard, 1973; Rietschel, 1987; Stegmann, 1988) . About 50 years ago, the treehopper's helmet was also interpreted as the modified wings based on the analysis of external morphology (Richter, 1953 (Richter, , 1954 . Interestingly, this misinterpretation was based on the erroneous homologization of a part of T2 structure with T1 (Boulard, 1973) , as in the present case. succinct version of this critique was first submitted to Nature. Although the submission was rejected, a reply from the Nature authors and comments from two anonymous referees helped in drafting this Opinion piece. Rolf Beutel and Niels Kristensen provided very constructive comments to the earlier manuscript. The editors of Systematic Entomology also provided helpful comments and gave me an opportunity to criticize the Nature paper. 
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